At a mean follow-up of 5 years 9 months (1 to 12 years) nine stems were radiologically loose of which three had been revised. There were no failures in 45 cases in which there was fixation of the distal stem of 10 cm or more. Dislocation occurred in nine patients and there were four cases of infection in the 19 which were, or had been, infected previously. There were no neurovascular complications and no intraoperative femoral fractures.
At a mean follow-up of 5 years 9 months (1 to 12 years) nine stems were radiologically loose of which three had been revised. There were no failures in 45 cases in which there was fixation of the distal stem of 10 cm or more. Dislocation occurred in nine patients and there were four cases of infection in the 19 which were, or had been, infected previously. There were no neurovascular complications and no intraoperative femoral fractures.
The femoral bone stock improved radiologically in 45 hips of which 29 showed considerable reformation of the proximal femur; 27 remained unchanged and two showed increasing osteoporosis. In failed total hip arthroplasty it may not be possible to replace loss of proximal femoral bone stock using stems suitable for primary procedures. The extent of femoral deficiency can only be judged at surgery when a number of variables such as stability, soft-tissue tension, limb length and, most importantly, the availability of femoral diaphysis of good quality for fixation of the stem must be dealt with.
The problem may be addressed by the use of a custommade stem or by tailoring the surgery according to the available implants. The first imposes a delay, is costly and offers an implant suitable only for a particular case. In the second the solution is dictated by the implant and not by the surgical need. We have designed a modular proximal stem for femoral replacement in an attempt to combine the advantages of a custom-made prosthesis while avoiding the limitations imposed by the available femoral bone stock.
Patients and Methods
The implant (Fig. 1) . The design is based on the requirement of the implant to fulfil the function of a proximally deficient femur with the opportunity of determining the length of the extrafemoral portion at the time of surgery. The proven geometry of the 40 mm offset Charnley stem (ORTRON; DePuy/Johnson and Johnson, Leeds, UK) was used as the basis for the design, but the shaft was extended distally with continuous anteroposterior and mediolateral tapers which offer resistance to torsion. The length was set arbitrarily initially at 200 mm, with the possibility of 100 mm being unsupported proximally and 100 mm cemented distally. In order to resist subsidence a selection of support rings was designed to fit at variable levels, at 5 mm intervals, between 2 and 10 cm of the proximal Fig. 1 Photograph of the modular stem, the 22.225 mm diameter zirconia head, the perforated abductor ring and eccentric and concentric support rings. portion of the stem. A perforated abductor ring was also made for cases in which the remnants of the abductor musculature could be sutured in the hope of offering extra stability. A variety of head sizes is available.
The implant was tested using the criteria of the British Standards Institution (BSI DD91) and the International Standards Office (ISO) with loading of 3.5 times the bodyweight tested for 5 million cycles without failure. Since the new design exceeded the accepted parameters it was tested with an increased loading pattern and duration. The stem was cemented distally but left unsupported proximally in order to define the fatigue life and to give some indication of the limits when applied to clinical practice. The testing was carried out in air using the DD91 standard and MTS 8:12 material test system with the proximal 100 mm unsupported to simulate the most adverse conditions. The loading pattern was 50 to 875 kg, sinusoidal. The stem survived 70 million cycles without fracture, well in excess of the minimum recommended by both the BSI and the ISO.
We introduced the proximal femoral replacement stem in July 1985. Between then and December 1998, we implanted 166 modular stems. We present the results of the first 78 operations in 75 patients. Two patients were lost to followup, and one with bilateral femoral fractures and bilateral revisions died in the postoperative period, leaving 74 hips in 72 patients. There were 38 men and 34 women with a mean age of 66 years (34 to 84) and a mean weight of 76 kg (39 to 109). Table I shows the underlying pathology of the hips with a relatively high proportion of posttraumatic cases, a factor observed in other series of proximal femoral replacement.
1,2 The number of previous operative procedures is shown in Table II . The main indications for revision are listed in Table III. A lateral approach with trochanteric osteotomy, if the trochanter was present, was used routinely. 3 Proximal femoral deficiency was classified according to Gustilo and Pasternak 4 and assessed by preoperative radiographs and the findings at operation. After removing the cement, if present, we performed a trial reduction to assess the stability, leg length, and the required length of the extrafemoral portion of the stem. If a support ring was needed the most proximally available femoral cortex was prepared using a specially designed mill so that the ring could be seated on as large an area of cortex as possible. The medullary canal was prepared and the cement packed digitally when possible. A gun was used when access to the distal canal was restricted. The canal was vented proximally. Fractures of the femur were not fixed routinely unless it was thought to be essential for fixation of the stem. After the operation, patients remained in bed for up to three weeks and then were allowed weight-bearing with elbow crutches, usually for three months. Bone grafting was not used.
Loosening of the cup was determined by the criteria described by Hodgkinson 
Results
The patients have been followed up for a mean of 5 years 9 months (1 to 12 years). Fifteen had died. At operation there were no neurological or vascular complications. Neither fracture of the femur nor perforations of the shaft occurred during trial reduction or cementing of the stem, but the femur was perforated in 11 cases during removal of the implant or the cement and the lesser There were five cases of superficial wound infection, all of which settled with antibiotic treatment, and two of urinary and one of a chest infection. One patient had a pulmonary embolism and in seven the greater trochanter did not unite.
At review nine stems were radiologically loose of which two had been revised. The length of fixation of the stem within the distal femur was a good predictor of outcome. If this was 10 cm or more (45 cases) there was no loosening. The nine which failed were in a group of 29 in which this length was less than 10 cm (p < 0.0001). All loosenings occurred within two years.
Twelve revisions were one-stage procedures for deep infection, 9 while seven were known to have had previous infection, four having a pseudarthrosis. Four had a further revision, one for deep infection, two for subsidence of the stem and one for recurrent dislocation. One patient died at five years without another revision and one other, with a well-fixed stem, developed a sinus at five years which healed and remained so at the latest follow-up at eight years. There were no cases of deep infection in the noninfected revisions. There were nine dislocations. This was the most common complication and occurred between seven days and nine years after operation. Deficiency of the abductor mechanism due to complete absence of the abductor muscles, loss of the greater trochanter or inability to reattach the greater trochanter to bone at operation, was associated with a high risk of dislocation and was the cause of six dislocations in 17 patients. In 57, in whom the greater trochanter was reattached to bone and the abductors were present, even if poor, there were only three dislocations (p = 0.001).
At the latest review 12 cups were radiologically loose, two of which had been revised. One other was revised, with the stem, for deep infection and two for recurrent dislocation.
At follow-up at one year, 19 out of the 22 fractures were united (Fig. 2) . Of the three which did not unite, one was a pathological fracture in Paget's disease of bone with two previous failed attempts to secure union. Three patients sustained fractures of the distal femur during the follow-up period. In one it was the result of a motor-vehicle accident and in two others as a consequence of a fall in patients with porotic femora. All three fractures united after fixation.
In 45 hips the quality and quantity of the proximal femoral bone stock were judged to be improved radiologically (Fig. 3) . Two showed increased porosis and 27 remained unchanged.
Discussion
Recently, good results in revision surgery have been reported with both cemented 5, 10 and uncemented 11 components, but this is not so in cases in which there is deficiency of the proximal femur. Excavation, enlargement or loss of the proximal femoral shaft removes the cancellous bone required for fixation of standard cemented stems 6,12 and creates a large canal which renders fixation with an uncemented component unreliable. 11 In order to achieve stability distal fixation is required, with or without bone grafting to the proximal femur. 1, 13, 14 The concept of bone grafting in revisions is attractive, particularly in younger patients, but this must be weighed against the increased operating time, the availability of allograft, familiarity with the tech- nique and the patient's ability to comply with a demanding postoperative regime. Our series shows that reliable fixation can be achieved with a cemented femoral component even in the presence of extensive proximal femoral deficiency. The most important factor which we found was the length of satisfactory distal fixation. There were no cases of aseptic loosening in the 45 stems in which this was for 10 cm or more.
It is not possible to assess how much support was provided by areas of incomplete fixation of cement, cortex devoid of cancellous bone or by the collar, as independent factors. The degree of bone loss is believed to be the key to prognosis in revision surgery, with increasing loss leading to less reliable fixation. Cannon, 15 using a cemented tumour prosthesis, showed that results improved as the amount of the resected femur increased. The reasons for this, and its relevance in revision surgery, are not clear. Dislocation was the commonest postoperative complication in this and other series of proximal femoral replacement. 2, 16, 17 When the abductor mechanism was present, even if poor, only three of 57 hips dislocated which is comparable with other series. 7, 14 Most dislocations were in the group in which the abductor mechanism was absent. Six of these dislocated at least once, and three suffered recurrent dislocation. We followed up 22 patients with fractures of the femur. In all, the stem was adequately cemented distal to the fracture and the patients could be mobilised weight-bearing. Nineteen fractures united and only three required cerclage wiring (Fig. 2) . Improvement in proximal bone quality has previously been noted in distally fixed uncemented revisions. 12 In our series improvement was noted in 66% ( Fig. 3) . This was seen in the proximal fragment even when a fracture did not unite. Proximal femoral replacement using this implant has given good results. Figure 3d -Appearance at four years after revision. There is improvement in the proximal femur both medially and laterally and retrabeculation of the endosteal cavities.
